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RELATIONSHIP OF TOPICAL DOSE AND PERCUTANEOUS ABSORPTION IN 
RHESUS MONKEY AND MAN 
RONALD C. WESTER , PH.D. , AND HOWARD I. MAIBACH , M .D . 
Department of Drug M etabolism , Searle Laboratories, Chicago, Illinois, and Departm ent of Dermatology, University 
of Ca lifornia Schoo l of M edicine, San Francisco, Ca lifornia , U. S. A . . 
["C ]Testosterone, ["C ]hydrocortisone , and ["C ]benzoic acid were app lied to skin of the 
rhesus monkey and man, and percutaneous absorption was quantitated by measuring urinary 
excretion of "C. In the rhesus, the concentration of testoste rone was increased from 4 to 4000 
Jlg/cm 2 in 5 steps. The effi ciency of absorption decreased from 18.4 ± 9.5 % to 1.4 ± 0.8%. 
However, t he tota l compound absorbed (per cm 2 area) a lways increased , from a low of 0.7 Jlg 
to 56 Jlg. In man, testosterone penetration was a lso dose dependent and very similar to t hat in 
rhesus . 
Increasing the dose of hydrocortisone lO-fold (4 to 40 Jlg/cm 2) resul ted in a decrease in 
efficiency of absorption in man (l.6 ± 1.4% to 0.6 ± 0.3%) a nd rhesus (2.9 ± 0.8% to 2. 1 ± 
0.6%). The total compound absorbed, however , increased manyfold in both species. 
As benzoic acid concentrations we re increased in man from 3 to 2000 Jl g/cm 2, the percent 
absorption decreased , from 37.0 ± 16.3% to 14.4 ± 3.8%. Benzoic acid absorbed increased 
from l.1 Jlg to 288 Jlg (per cm 2 area) , representing a lmost a 300-fold increase in absorption. 
Values in t he rhesus were similar . 
Percutaneous absorption values are usua lly 
expressed as percent absorbed for one topical dose. 
However, information is lacking as to what a 
change in concent ration does to t he absorption 
values. With increased concentration of corticoid 
t here is an enhanced effect and increased penetra-
tion [1]. Recently, we [2] suggested that the rhesus 
monkey might be a good animal model for percu-
taneous absorption where relevance was sought for 
man . T he effect of change in top ical concentration 
was, therefore , studied in both man and t he rhesus 
so that further comparative results between the 
two species could be exam ined. Compounds com-
pared were testosterone, hydrocortisone, and ben-
zoic acid, at up to lOOO-fold changes in concentra-
tion. In this paper the resu lts are discussed in 
terms of both efficiency of absorption (%) and mass 
(Jlg) t ransfer of compound across the skin. 
MATERIALS AND METHODS 
Absorpt ion was quantified on the basis of the percent 
radioactivity excreted in urine for 5 days fo llowing 
appli cation of a known a mount of t he la beled co mpound 
to the skin . This method used for measuring percuta ne-
ous penetration wa's the procedure of Feldm ann and 
Maibach [3,4 ] adapted to t he rhesus monkey [2 ]. Meth-
odology is conta ined within t hese papers . 
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Female rhesus monkeys (4- 8 kg ). tra ined for metabolic 
studies, were randomly se lected from the colony. The 
only criteria for selection was that the a ni ma l was clear of 
a ny previously administered " C-labeled co mpound . The 
compounds were a pplied to lightly shaved skin of the 
ventra l forearm in either acetone (testosterone , hydrocor-
tisone) or methanol (benzoic acid ) a nd the solvent 
quickly evaporated by gent le blowing. The area was not 
occluded [2 ]. In the rhesus monkey the a pplication area 
was a lways a constant 6 cm '. All data were calculated to 
absorption based on a cm ' a rea. 
In the studies with man (ma le, Caucasia n), informed 
consent was obta ined from a ll subjects. The application 
area, also the ventral forearm , was a constant 13 cm' fo r 
all compounds. The area was not occluded [3,4 ]. All data 
were calcul ated to absorpt ion based on one cm' area . 
In both species the methodology was the same. Uncon-
t rollab le cha nges due to natura l skin fun ction , such as 
exfoliation and possible latera l spread, occ ured in both 
species. 
RESULTS 
T ables I (rhesus) and II (man) show t he percu-
taneous absorption of increased dos'es of testoste r-
one, hydrocortisone, and benzoic ac id . For each 
topica l dose (Jlg/cm 2) the percent absorp tion and 
the total (Jlg) of compound absorbed per cm 2 area 
are li sted. 
Percent absorptions ± SD per dos~ (Jlg/cm 2) of 
testosterone in t he rhesus were 6.7 ± 4.2 (40 
Jlg/cm 2), 2.9 ± 1.4 (250), 2.2 ± l.0 (400),2 .9 ± 1.7 
(1600), and 1.4 ± 0.8 (4000). These percent absorp-
tions at increased doses are less than the 18.4 ± 
9.5% reported for 4 Jlg/cm 2 [2]. The efficiency of 
absorption (%) is, t hus, greater for the lower doses 
of testosterone. However, if absorption is calcu-
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TABLE 1. Percutaneous absorption of increased topical dose of several compounds in the rhesus monkey 
T estoste rone Hydrocorti so ne Be nzo ic aeid a 
Time (I' /(/e m ') 
(hr) 
(I' g/ em ' ) (I' I( / em ') 
40 250 400 1600 4000 40 40 2000 
0- 24 2.5b 0.5 0.5 0.5 0.1 0.9 29.9 13.5 
24- 48 1.7 1.2 0.8 1.2 0.5 0.7 3.0 2.8 
48- 72 1.1 0.6 0.4 0.5 0.3 0. 3 0.4 0. 7 
72- 96 0.8 0.4 0. 3 0.4 0. 3 0.1 0. 2 0.3 
96- 120 0.6 0.2 0. 2 0. 3 0. 2 0.1 0.1 0. 2 
Total % 6.7 2.9 2. 2 2.9 1.4 2.1 33.6 17.4 
SD 4.2 1.4 1.0 1.7 0.8 0.6 5.1 1.2 
Total,.,.g 2.7 7. 2 8.8 46.4 56.0 0.84 134.4 348.0 
# Anima ls 6 3 3 3 3 3 3 3 
a Values for benzoic acid are not corrected for incomplete urinary excretion. All other values are corrected [2). 
b All data are presented as the percentage of applied dose that was absorbed. 
TABLE II. Percutaneous absorption of increased doses of several compounds in man 
T estost erone 
Time 
(hr) 
(I' g/e m ') 
3 30 400 
0- 24 5.9 b 2.5 0.9 
24- 48 3.4 2.8 0.8 
48- 72 1.4 2.0 0.5 
72- 96 0.8 1.0 0.3 
96- 120 0.3 0.5 0. 3 
Total % 11 .8 8.8 2.8 
SD 4.1 2. 0 0.9 
Total,.,.g 0.35 2.6 11.2 
# Subjects 6 6 6 
Hyd rocortisone 
(I' g/em ') 
40 
0.2 0.1 
0.4 0.2 
0.4 0.1 
0.4 0.1 
0.2 0.1 
1.6 0.6 
1.4 0. 3 
0.06 0.24 
5 5 
3 
35.2 
1.1 
0.4 
0.3 
37.0 
16.3 
1.1 
6 
Benzo ic ac id " 
(I' g/e m ') 
400 
24.1 
0.8 
0. 5 
0.1 
0. 2 
25 .7 
9.9 
102.8 
7 
2000 
13.6 
0.6 
0.2 
14.4 
3.8 
288.0 
7 
a Va lues for benzoic acid are not corrected for incomplete urinary excretion. All other values are corrected [2]. 
b All data are presented as the percentage of applied dose that was absorbed. 
lated as the amount of compound (J.Lg) which 
penetrates one cm 2 area of skin , as the dose 
increased, the absorption always increased , from a 
low of 0 .7 J.Lg (4 J.Lg/ cm 2) to 56 J.Lg at the highest dose 
(4000). This is almost a 100-fold increase in com-
pound absorption. This relationship of efficiency of 
absorption and a mounts of compound (J.lg) ab-
sorbed per topical concentration is shown in Figure 
l. 
In man, testosterone penetration was also dose 
dependent and was very similar to that in rhesus. 
Percent absorptions ± SD per topical dose (J.Lg/ 
em 2) were 1l.8 ± 4.1 (3 J.Lg/ cm 2) , 8.8 ± 2.0 (30) , and 
2.8 ± 0.9 (400). 
The percent penetrations of 4 and 40 Jig/ cm 2 
hydrocortisone were, respectively, l.6 ± l.4 and 0.6 
± 0 .3 in man. Penetration in rhesus skin at 40 
J.L g/cm 2 was 2.1 ± 0 .6%, compared to the reported 
[2 ] 2.9 ± 0.8 % at 4 Itg/cm 2. In both species the 
efficiency of absorption decreased when t he dose 
was increased 10-fold. However, the total com-
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FIG. 1. The percutaneous absorption of testosterone as 
a function of the topically applied dose. 
pound absorbed per cm 2 area increased , in man 
from 0.06 to 0 .24 J.Lg, and in rhesus from 0.12 to 0 .84 
J.Lg . 
For benzoic acid, the percent penetrations of 3, 
400, and 2000 J.lg/cm 2 doses were, respectively, 37.0 
± 16.3, 25.7 ± 9.9, and 14.4 ± 3.8 in man . Percent 
absorptions in rhesus skin at 400 and 2000 J.Lg/ cm 2 
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FIG. 2. Comparison between rhesus monkey a nd man 
of compounds absorbed (Ilg) after topica l appl ication of 
increas ing doses (Ilg/cm 2) of testosterone, hydrocortisone , 
and benzoic ac id. 
were, respectively, 33 .6 ± 5.1 and 17 .4 ± 1.2. With 
increased dose, the efficiency of absorption 
decreased, but the increase in topical concentra-
tion resulted in greater than a 100-fold increase in 
compound absorbed. 
The data in Tables I and II and in a previous 
report [2) contain penetration data of increasing 
doses of the same three compounds in the rhesus 
monkey and man . Since the methodology was the 
same for t he two species, it is poss ible to directly 
compare the results . Figure 2 is such a comparison . 
In both species the high penetrant (benzoic acid) is 
distinguishable from the medium penetrant (tes-
tosterone) which in turn is distinguishab le from 
the low penetrant (hydrocortisone). Both the rhe-
sus monkey a nd ma n show an increase ill the 
topical dose for al l three compounds. The va lues 
for the individual doses of individual compounds 
are s imilar for the two species. 
DISCUSSIO N 
The results show that a rela tionship exists 
between the concentration of the topica l dose and 
skin absorption. The percent absorptions were 
greater with the lesser topica l concentrations. In 
terms of efficiency, t he lowest topical concentra-
tion wou ld appea r to be the most desira ble, pro-
vided the proper end point (pharmacologic) was 
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ach ieved. In terms of tota l amount of compound 
(Ilg) a bsorbed , as the concentration was increased , 
the total absorption a lways increased. Therefore , it 
is poss ible for greater than 100-fold increases in 
skin penetration to be achieved by increasing the 
concentration per unit surface area. 
There are no s imilar in vivo rhesus or hum an 
experimenta l data to which these results can be 
compared . However, in vitro preparations of 
human skin to study percutaneous absorption have 
been used. Scheuplein and Ross [5) repor ted t hat 
with increasing amounts of cortisone the efficiency 
of absorption decreased. However, the absolute 
amount of steroid transferred was highest for the 
highest dose. These results in vitro with cortisone 
show a concentration- penetration dependence 
s imilar to that shown in vivo in the rhesus and 
man. 
The similarities in percutaneous absorption 
between the rhesus monkey and man shou ld be 
further emphasized. Monkey skin dist inguished 
between the penetrants in a manner similar to 
human skin , and changes in concentration of the 
compounds gave s imilar absorption results in t he 
two species. 
The authors are indebted to Dr. Robert Feldmann for 
his contribution to t he huma n study. We are gratefu l to 
Mr. P. Noonan, Ms. June Pautsch, and Dr. B. Nicolova 
for skillful technical ass istance in the rhesus monkey 
study. 
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